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ABSTRACT OP TKB DISCLOSURE 

Heat exchanger plate, for (tacked flat plate 
heat exchangers include tap««a collar, for align^mt of 
one plate relative to another fa the stack. The tapered 
collar extends fro. the »ajor surface portion of the 
plate and is tapered so as to have a ccnstrictod free 
end. me collar of one plat, receive a collar of a 
neighboring plates as the plates of the stack are 
intemested one in another. TSie collars are wedgingly 
engaged one in another to provide accurate alig™,ent of 
AO tl»e heat exchanger plates. 
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Field of the THVA^^Affn- 



The present invention pertains to heat 
exchangers of the flat plate type, and in particular to 
such heat exchangers where a plurality of heat exchange 
plates are clasped between massive end plates. 

2. Pggyrlptign of thR Relate x^; 
Heat exchangers are eaployed in a wide variety 
of commercial applications, m the food industry, for 
example, it is important that process equipment be 
maintained to a high standard of cleanliness. Fluid-type 
heat exchangers frequently employ a labyrinth of 
relatively small sized channels (i.e., small compared to 
the path length) through which the fluid is made to 
15 travel. Walls of the heat exchanger are in thermal^ 

contact with the fluid flowing therethrough. The heat 
exchangers are Wrsed in a heat transfer medium such as 
the ambient atmosphere, or a forced air flow. The heat 
exchangers may also be placed in thermal contact with a 
20 liquid heat transfer medium, and it is important that the 
medium be kept out of contact with the food products 
flowing through the heat exchanger. 

In typical food processing operations, and in a 
variety of other commercial applications it is important 
25 that the heat exchanger be thoroughly cleaned between 
production runs. To aid in such cleaning, flat plate 
heat exchangers have been developed where the core of the 
heat exchanger is assembled by stacking an array of heat 
exchanger plates, forming flow, channels between adjacent 
Plates, one example of a plate-type heat exchanger is 
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given in United states Patent Ho. 4.162,703. The heat 
excha^er pl.tea are arranged in a et.c.. .„d first and 
second fluids are passed through the stacX, for thermal 
transfer between the fluid flows. 
5 In order to prevent leakage fron the flow 

Channels, or intrusion of heat transfer .ediu» therein, 
the plates are pressed together with a pressure 
sufficient to fon. a seal therebetween. Fra„es have been 

stack Of heat transfer plates therebetween. The pressure 

s ::rw:r: «-p^- ••y a t^reZ 

Shaft which is readily loosened to per.it disassembly of 

15 a^ter"! "^''^ =^-"^"9 

15 after a production run. .■ 

United states Patent Ho. 4.813.478 issued to 
Jonsson. et al., on March 21. 1939 discloses a heat 
exchanger apparatus wherein a stack of heat exchanger 
Plates are sandwiched between a pair of relatively 

Shaft extending between the pressure plates compresses 
the stack, the heat exchanger plates have generally 
rectangular aajor surfaces. are elongated in a 

» ^:SrLT°''°"- '^"•"y octangular openin,, 

pL^ b r •'-t exchanger 

Plates, being centrally located in those edges, midway 
between the lateral (vertical sides of the plates, I 
rectan^lar bar extends between the pressure plates and 
is received in tho openings of each plate in the stack to 

30 provide an aUgn»e„t for the plates in the stack. 

1"^°"" «»ve been constructed 

having a fra»e «r outer casing for holding a heat 
transfer core comprised of an assembly of heat exchanger 

.5 ';"::'st!r «• '-""y oiodced r 

20. 1978 to Oranet,ke; 4.301.863 issued Hovember 24. 1981 
to Bizrarro; 4,384.611. issued Kay 24. 1983 to Pun,, 
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4,609,039 issued September 2, 1986 to Fushiki, et al., 
and 4,762,171 issued August 9, 1988 to Hallstrom, et ll. 

United States Letters Patent No. 4,090,556, 
issued to Almqvist, May 23. 1978 also discloses' a flat 
plate heat exchanger with generally rectangular plates 
having cutouts in the upper and lower edges thereof. The 
cutouts include a rectangular recess for receiving a 
horizontal flange of an upper hanger member which is 
generally T-shaped in cross-section. The cutouts are 
fonied such that plate material is disposed above the 
horizontal flange of the upper hanger, preventing 
dovTTward displacement of the heat exchanger plate. The 
cutouts are also formed with a central opening suitable 
for receiving a lower hanger meniber which is generally 
15 square in cross-sect: cn. r.-e zoo and ooctom port-ions of 
the heat exchanger plates are airror ipiaqes of one 
another, with the cutouts cooperating with either the 
upper hanger of T-shaped cross-section or the lower . 
hanger of square cross-section. 

United states Patent No. 4,660,633 discloses a 
plate heat exchanger having plates of two different types 
clanped together between massive pressure plates. it is 
important that a fluid-tight seal be formed between 
adjacent pressure plates when clamped together, and it is 
)cnown to employ strip-like gaskets of resilient material 
between pressure plates for this purpose, m a first 
type of heat exchanger plate. United States Patent No 
4,660,633 provides an open-top channel of- generally 
trapezoidal cross-sectional configuration. The open top 
of the channel has a smaller dimension than the base of 
the Channel, so as to hold a gasket captive therein when 
received in the channel. The open top of the channel 
pemuts sealing communication between the gasket and a 
neighboring heat exchanger plate. 

United States Patent No. 4,781,248 also 
discloses a plate-type heat exchanger employing a 
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resilient gasket for sealing b«tWB«» > . 

with the plates ot Onlted st.T,Tl . ^ 
pa«es ot united Stat I Llte!. /! ' 
rour Circular ope„i„, ? t .1^" 
5 addition to -ediall7l«!tL ! ^" 
. receiving a han,:"Lr col;:: ='>«"^"'» 
cir.l o o, the LrL™~" 

10 conduits passin/L'rtTr::;"" 

United states Patent No. 4,592 414 

raised ribs av* ^ ™t the 

a riDs ex. end in opposing outward direction* ltw 
placed toaetlier in . i_ a^rections. when 

4.285,397 also provides an interfittln- 
between heat exchanger plates and , ''"''"'^ 
esct-andi.,.. Peaces, and includes outvaxdly 

extending coll-rs received In orifices of- ^"^^ 
30 hMt exchanger plate. adjacent 

-Changer -ith ,e;eX':- ::::LTp^^^^^^^^^^^ 
openings at each comer thera«<. ^ 
35 the Plates are stacked t^Je^i;. " 
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certain advance, ar. .till being .ought for l«at 
exchangers, particularly heat exchangers which are 
routinely disassembled tor cleaning and «iinten.nc.. it 
i. iBportant, especially in a production environnent 
Uiat heat exchanger plate, vhich are asseabled in a stack 
are quickly and easily aligned one with another. In 
order to optiai,, the heat tr«,sf«r capacity of a plat, 
only relatively .»aU area, of the plate are provided for 
sealing engagement with an adjacent plate, and the heat 
transfer channels foraed by a plate are, typically 
numerous and of relatively small cross-sectional 
dimension. It is important therefore that the channels 
Of one plate be accurately aligned with the channels of 
another plate and that t.-,e sealing surfaces cf one plate 
be accurately aligned with the sealing surfaces of a 
mating plate if flow is to be confined within the " 
resulting flow channels, as intended. 

It is also desirable that the plates of a stack 
be self-aligning, not requiring significant attention 
during an assembly process. Further, It would be 
advantageous if adjacent plates would b., self-sealing 
Mking efficient use of the pressure typically applied to 
a stack Of heat exchanger plates of similar size and 
passageway design. 

It is an object according to the present 
inv»tib„ is to provide a pl.t. for a stacked plate heat 
exchanger assembly. 

A further object according to the present 
invention is to provide a heat exchanger plate whl .h is 
self-aligning with neighboring plates when stacked 
therewith. 

A further object according to the present 
iiTventlon 1» to provide alignaent neans for the heat 
exchanger plates of a .tack of plates which accurately 
align neighboring plated of the stack. 
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These and other object* according to rae present 
invention which viU heco». apparent fro. study" Z 

^ heat exchanger pl«e apparatus, comprising: 

* body having oppose<J ends and firs- and ^ 
opposed «jor surfaces; ^ "^^"""^ 

tapered collar means surrounding at least a pa-- 
Of .aid recess, extendin, outwardly frc« said first Jl" 
sur ace. havin, . ^^^^ riL L^or 

surface and an opposed rree end, said collar JZ 
.n-ardly tapered fro, said first end to said f re: end; 

. defines a passageway f;r 

:L:r:.r j'^ — - 

« w De vedgingly engaged therewith, 
BRIEF DESOUPTIOH OF THE DRAWIHCS 

In the drawings, wherein like elements are 
referenced alike. *«»ents are 

TO. 2 1, a ,ide elevational view thereof; 
TO. 3 is a top plan view thereof; 

cxchanger^L:..'" ' '^"'"""'^ ''^^ « 

line 5-5 n^io.':,' View taKen 

1- ^ •lovatlonal view, taken partlv 

in eross-^ion. .io„, th. lin. c-e of fig.^ ^ 
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liwi OF TKB PRKreRRKO KMBOOIKBlIT 
a«««trlng mw to th# dr«wln« , 

- -:L?r:o'r:'' -•^^ ™ -trj . 

Fo«« «^ Of ,utd. 
» sir-"' " *-^«':r^ " • 

long th««Ud ^h.^^* *' 
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slides along the axic of upper guide bar U. Thrs, the 
heat exchanger plates also travel in this saise direction, 
albeit slight aaounts, during compression. An 
•lastoaeric gasket 25 extending along the periphery of 
each plate 30, prevents lea)cage froa asaeinbly 10. As 
will bo seen, the alignment means of the present 
invention assures the gaskets of a stack of heat 
exchanger plates are aligned in precise order, despite 
the presence of the guide bars 14, i6. 

Referring now to FIGS. 4-u, a heat exchanger 
plate generally indicated at 30 will now be described 
The pressure plate is preferably fonsed of a unitary 
Sheet of stainless strel, other metal, or other suitable 
material. T^^ • exchanger plate includes an outer 
peripheral ede 50, ge-erally rectangular in 
configuration, with rounded comers. The plate 30 
defines apertures 52-58. one aperture at each cor;ier 
thereof. A series of recesses or channel means 60 are 
formed in the >l4nar sheet, to fora fluid passageways for 
the heat transfer liquid, m the ^referred Embodiment 
the channel means 60 extends from .:he apertures 52-58 ' 
the apertures serving as a manifold cr header for the' 
channel means of the several plates in the stack. The 
Channel means are preferably formed between pairs of 
protruding walls 62 having upper surfaces 64 (see FIG. 
10) . Thus, the upper surfaces 64 of the channel means 
are raised above the planar base portion 66 of the 
plate, other channel means could be employed in the 
practice of the present invention, including conventional 
constructions, such as those described in United States 
Patent Ho. 4.781,248, 

As the plates of the stack are pressed together 
the upper surface. 64 of a plate are pressed against the 
rear surface 70 o£ another plate. The forvatdmost heat 
exchanger plaf 30 is press«l against the rear surface of 
pressure plate 20. . In the manner Indicated in nc 7 
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The path length of th9 channel means in a given heat 
exchanger plate is quite long, but nonetheless the entire 
path oust be maintained fluid-tight for proper operation 
of the heat exchanger apparatus. Also, quite 

5 importantly, the gaskets 25 located around the periphery 
of the heat exchanger plates must be aligned in precise 
order as the stack is. compressed, to ensure the assembly 
will not leak when charged with a fluid. It is important 
therefore that the periphery and the interior of a plate 

0 be properly aligned with the heat exchanger plates on 
either side thereof. 

With regard to the plate interior, for example, 
the channel means illustrated in FIG. 10 could be aligned 
in registry with a similar channel means of a forward 

5 plate. As illustrated in FIG, 10, the walls 62 are 
angled toward each other at the upper ends, adjacent 
upper surfaces 64. Thus, a wedge-shaped cavity 74 is 
formed at the rear surface of the plate. The upper 
surface 64 would then be received in the wedge-shaped 
20 cavity 74, bringing sidewalls 62 of the plates into 
wedging engagement with one another to provide the 
desired sealing. Alternatively, the upper surfaces 64 
can be positioned to contact uninterrupted port io. is of a 
forward plate, such as the flat planar portion 66. This 

25 latter arrangement is generally preferred because it is 
easier to separate the 'pressure plates upon disassembly 
of apparatus 10. 

As can be seen from the above. It is important 
that the channels of one plate be accurately positioned 

30 with respect to adjacent plates placed in sealing contact 
therewith. It ie important that the peripheral gaskets 
be accurately aligned as the plates are stacked together, 
and later compressed. As those skilled in the art will 
also appreciate, an optlaua number of channels for a 

35 given plate size can b* detentined and, in practice, a 
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r.l.tively lar,o nuabr of .«xi .i„ channel Bo.na la 
usually provided. Taus, the aean, of locating the 
Channel me.r.3 .ust be highly accurate, since close 
tolerances are required to align the several channel 
-eans of one plate with the =orre.po«li„, sealing 
surfaces of the neighboring plate. 

According to aspect, of th, present invention, a 
tapered collar means, such as that generally indicated at 
80 is located at the upper and lower «,ds of the heat 
exchanger plate to provide two dimensional alig™.ent of 
the plates 30, thus assuring accurate registry of the 
Plates a, they are stacXed together. The tapered- collar 
means surrounds recesses 82, which receive the guide bars 
14. 16, therein. i„ the Preferred Embodiment, the 
tapered collar means extends outwardly from the major 
planar surfaces 66 of the heat exchanger plate. The 
tapered collar means 80 has a first end 34 adjacent t.'.e 
»*jor surface 66, and an opposed free end 86. According 
to an important aspect of the present invention, the 
tapered collar means is inwardly tapered from the first 

in PIC. 7. the collar 80 extend, at an oblique angle to 
the Planar portion 66 of the plate, so that th, recess 82 
surrounded by the collar is constricted adjacent the 
25 collar outer free end 86. 

Referring to FIC. 7. the tapered collar means of 
the heat exchanger plates of the stack are nested 
together, with a wedging engagement. The tapered collar 
-eana of a heat exchanger plate defines a passageway for 
recexving the tapered coU«. „an. of an adjacent hLt 
exchanger plate, herein a rearvardly positioned plate 
The tapered collar mean* of FIGS. 4-U has a 
generally 0-»hap«l passageway at it. free end. if 
desired, the intermediate or bottom portion of the 
35 tapered collar mean. c«, be located so a. to pres. along 
the guide bar, 14. 16 during assembly of apparatus lo 
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For example, the intenoediate portion of the lower 
tapered collar means could contact the upper surface 90 
Of guide bar 16 (see FIG. .1) . with this optional contact 
of the intermediate portions of the upper and lower 
tapered collar means, with their respective guide bars, 
the heat exchanger plates are constrained against 
movement in upward and downward directions, the vertical 
positioning of the several heat exchanger plates of the 
stac)c being defined by the guide bars 14, 16. 

However, it is aore preferred to provide so=e 
amount of « float- or clearance for the heat exchanger 
places wichin frame 12. The tapered collar means 80 are 
relied upon to provide a final, accurate registration for 
the heat exchanger plates when stacked one behind the 
1^ other. This also allows the heat exchanger plates to 

freely slide along the guide bars 14, 16 during assembly. 

The tapered collar means 80 of the present 
invention includes sidewall portions 92 on either side of 
the collar intermediate portion 91 and joined thereto 
with rounded preferably part-conical comers 124. The 
side portions of the tapered collar means contact the 
Side surfaces of guide bars 14, 16. m the most 
preferred embodiment, there is a slight clearance between 
the sidewalls of the upper collar means and the side 
surfaces 94 of upper guide bar 14 (see FIG. i) . with 
wedged intemesting of the collar means, the he«t 
exchanger plates are constrained against lateral 
movement, their longitudinal center lines being aligned 
along the axes of guide bars 14, 16. As can now be seen 
herein, the tapered collar means (preferably provided at 
opposite ends of the heat exchanger plates) provides a 
two-dimensional alignment or registration of the plates 
even when placed in a fixture such as the frame 12 
described above. Further, the heat exchanger plates are 
free to slide in the direction of the axes of guide bars 
14, 16 when compressed between pressure plates 20, 24. 
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When compressed, the pi^es are thereby • 
third diaension, and sealing "^""^ m the 

succession of plates s i! '"^^'^^^ ---- 
t'iotes .s thus insured. 

As can be seen in fig a 
5 bottom wan 9X of th. «"=p:«, t.-.e 

11 91 Of the coilar leans is genera'.., 
trapezoidal in confi^ration while the "1- 
generally tria„.^lar in confi^uratiol " e ^ " 
collar =ea„s Joined to the .ajor surface"! °' 
-hanger plate generally resi^iL : 
-0 While the opposed free end 86 of the coi 

-Shaped configuration, .hus. the .h a ::''.:--','^" ' 
constricted channel for receiving the ^ 1" " " ' 
^ ree end di„ensioned and configured Z , I 
tolerance fit with multiple guide surfaces o;*- • 

:::-ta::!e:t::;d=:rf" ---^ - --.r.xr 
-g.ng -t«-en;aU^;^\:::;L::jv--- - 

Pl"es. Xf desired, the botto. wa ^ ^ 
-ith a Close tolerance fit provided "ctangular 
2 0 wedging provided in a vertical 

-r— - two-di js":::; ::::::r:; p'r- 

further alternative, the sidewalL L and^'"''- 
» can be blended together to forn pa" 'a^"" ""^^ 
cone, to provide a hloh h or a truncated 

25 wedging. ' ^"""^ idirectional 

As can be seen froa the above a 
-an, has been provided for the accura;e aU 
intemested heat exchanger plates, r" ex opr" 
tapered collar Beans 80 provides fu-T ^ ' "'^ 
- that a .ul.i..,,e, coua: ie 1 d;d [^r"" ^" 
means nested therein in thr^/n. ? * «i»Uar 

contributing to the .J g^" dT ,7' '^-"^"""^ 
intemeste. heat exchanger Plate", t ^rr'^"^ 
lower, part conical curved «"»Ple, Uxe 
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curved ends 124 of the U-shap«d vedge providing rapid 
alignaent of heat exchanqer plates, while liaiitijig the 
frictional forces during such alignment. It desired, 
however, the points of wedging engagement ccKild be oade 
5 discontinuous throughout the tapered collar seaiis, the 
tapering thereof being sufficient to provide the desired 
highly accurate alignment between inner--oested plates. 

In general, it has been found necessary only to 
provide an opposed pair of tapered collar means, although 

10 several pairs of opposed or even non-opposed collar means 
can be provided about a heat exchamger plate, if 
desired. For example, a plurality of tapered collar 
means couid be provided about the periphery zt a heat 
exchanger plate and tapered collar means cocld also be 

15 provided in the interior of a heat exchaiiger plate, if 
desired. 

As pressure is applied to the stack of heat 
exchanger plates, individual plates might <-?n ^ to "walk" 
out of alignaent with neighboring plates, being 

20 dislocated in directions transverse to tie sajor body 
portion of the plate. With the present invention, 
alignment of the plates is provided vit^ a vedging 
interengagement therebetween, the wedgiiag forces 
increasing as pressure on the stack of beat exchanger 

25 plates is increased and thus the present; imrcntion 
cooperates with a press such as that provided by the 
frame means and pressure plates described above to 
provide a synergistic advantage throughout the beat 
exchanger stack. 

30 The drawings and the foregoing descriptions are 

not intended to represent the only foras of the invention 
in regard to the details of its construcrtico and »anz>er 
of operation. Changes in form and in tike proportion of 
parts, as well as the substitution of exit^valents, are 

35 contemplated as circumstances may suggest or render 
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expedient; and although specific terns have been 
employed, they are intended in a generic and descriptive 
sense only and not for the porposes of limitation, the 
scope of the invention bein^ delineated by the following 
5 claims. 
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The eabodiments of the invention in which an 
exclusive property or privilege is claimed are defined as 
follows: 

X. A heat exchanger plate apparatus, 
comprising: 

a body having opposed ends and first and second 
opposed major surfaces; 

edge means at an end of said body defining a 
recess for receiving guide bar means; 

passageway means in said plate for the passage 
of fluid therethrough; 

tapered collar means surrounding at least a par- 
of said recess, extending outwardly from said first major 
surface, having a first end adjacent said first major 
surface and an oppnced free end, said collar means 
inwardly tapered frcm said first end to said free end; 
and 

collar means defines a passageway for 
receiving at least part of a collar means of another heat 
exchanger plate, so as to be wedgingly engaged therewith. 
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The apparatus of Claim 1 wherein said edge 
means includes a bottom portion intermediate a pair of 
opposed side portions. 

3. The apparatus of claim 2 wherein said botton 
portion has a generally trapezoidal configuration. 

4. The apparatus of claim 1 wherein said 
passageway means comprises open channels in said body 
opening toward a similar adjacent plate apparatus and 
forming a fluid-tight seal therewith when the tapered 

with the adjacent plate apparatus. 

5. The apparatus of Claim 4 therein said side 
portions are generally triangular. 
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6- The apparatus of claim 5 uh«™i„ . 
portions have converging free en.s 

portions have';:n:::u!Tsr ' "^-^ 

-ajor body surlace ^"^^^""^ "^"^ ""t 

10 

'^^^ apparatus of claim 8 wherein i-v, -J 
portions terminate r*>n,«v^ ^ "herein the side 

body. ^ peripheral edge of said 

^ ^^^"^ ^^=^^"9^^ Piate apparatus 
20 cocprising: ^t't'^ratus, 

a body having opposed ends and first anrt o 
opposed major surfaces- ^^''""^ 

passageway aeans in said plate fo^ 
Of fluid therethrough; ^""9* 

a first cross-aectional size thereat ' 
iO reduced size re■.»^« , "ereat, a free end of 

cea size remote fron said first major surf»c. 
tapered outer alig^ent surface and ,n , ' ' 

surface for wedain«l« canalng 
an adjacent lltlt 'l '"""-^ of 

recess. 

ng the channel means through said 




' ^ E. MccRne &' 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



